Introduction: Hemophagocytic lymphohistiocytosis (HLH) is a rare hyperinflammatory syndrome with high rates of mortality. Secondary HLH is acquired from an underlying illness and therefore difficult to diagnosis because the underlying disease can mask the symptoms of HLH or have a similar presentation. Therefore, it is important for physicians and health care providers to be familiar with HLH to keep in mind as a differential diagnosis in critically ill patients. It is imperative to start treatment early to decrease mortality. Case Report: We describe a case of a 42-year-old African-American man with a past medical history of human immunodeficiency virus (HIV), Hodgkin's lymphoma, and Epstein-Barr virus (EBV) who presented to the emergency department (ED) with diarrhea, nausea, and vomiting. He was ultimately diagnosed with acquired HLH. Early on during his admission he was treated with dexamethasone, but continued into multiple organ failure and succumbed on the 11th hospital day. Conclusion: Hemophagocytic lymphohistiocytosis is a rare disease and may not initially or come to mind at all as part of a differential diagnosis in critically ill patients.
INTRODUCTION
Hemophagocytic lymphohistiocytosis (HLH) is a rare hyperinflammatory syndrome characterized by uncontrolled activation of T cells, macrophages, and histiocytes [1] . It is often fatal if not quickly diagnosed and treated. Mortality is high from terminal multiple organ failure that commonly occurs from overproduction of inflammatory cytokines. Hemophagocytic lymphohistiocytosis can be primary or secondary. Primary HLH is from familial inheritance or genetic causes. It usually presents in infants and young children and has a low likelihood of survival. Secondary HLH is acquired from an underlying illness [2] . Common triggers for acquired HLH are malignancy, especially hematologic, and infections. Mycoplasma species, parasites, and fungal infections such as Cryptococcus, candida, and pneumocystis pneumonia are common sources of underlying infection. Epstein-Barr virus (EBV), HIV, cytomegalovirus (CMV), herpes simplex virus (HSV), and hepatitis are common viruses associated as well. Autoimmune diseases have also been linked to HLH [1] . Acquired HLH presents usually during adulthood in patients without a family history or genetic cause [3] .
Here we report an adult patient with acquired HLH, with a past medical history of Hodgkin's lymphoma, hepatitis B virus (HBV), EBV, Parvovirus B19, and HIV who presented with a week of diarrhea, nausea, and vomiting.
CASE REPORT
A 42-year-old African-American man with a past medical history of HIV, Hodgkin's lymphoma, recurrent septic shock, HBV, steroid-induced hyperglycemia, Parvovirus B19, and EBV presented to the ED complaining of diarrhea and nausea. He was diagnosed with HIV 13 years prior and was treated with emtricitabine, dolutegravir, lamivudine, and tenofovir for the past year. He was also diagnosed with Hodgkin's lymphoma five months prior to presentation, but did not undergo treatment.
About five months prior to this admission, he was admitted for sepsis and diagnosed with Hodgkin's lymphoma. He also tested positive for EBV and Parvovirus B19 immunoglobulin M (IgM). A month later he was readmitted to the intensive care unit (ICU) for hypothermia, hypotension, and septic shock. He was empirically started on vancomycin, cefepime, metronidazole, and micafungin. He required epinephrine for hypotension. Acyclovir and atovaquone were later added, which he continued outpatient. He was started on rituximab and brentuximab vedotin. Rituximab was stopped due to hypotension and altered mental status. When his condition improved, he received a dose of rituximab prior to discharge. During this admission he also had neutropenia, which evolved into pancytopenia, transaminitis, and hyperbilirubinemia. Ferritin was elevated above 40,000 ng/mL. The diagnosis of HLH was considered because of the patient's history of HIV and Hodgkin's lymphoma. Also, the patient had reactivated EBV and was pancytopenic. Septic shock and hypovolemic shock were a part of the differential diagnosis, but all blood and urine cultures had no growth. Also, the patient did not have initial improvement with antibiotics and there was no clear infectious source. His presentation was thought to be most likely secondary to untreated Hodgkin's lymphoma. The patient was started on dexamethasone, because of the probable diagnosis of secondary HLH. His clinical condition improved and he was discharged home after a 19-day hospital admission. He was instructed to continue a dexamethasone taper and follow up with infectious disease and hematology oncology as outpatient to follow up for HIV and Hodgkin's lymphoma. He failed to follow up with either and did not receive any further chemotherapy treatment.
When the patient presented to the ED, he did not look acutely ill and was in no acute distress. Jaundice and scleral icterus were noted on exam. He was alert and oriented to person, place, and time. His only complaint was a week of abdominal pain, nausea, and vomiting with multiple episodes of diarrhea daily. He denied any fever, chills, dyspnea, wheezing, chest pain, palpitations, or any genitourinary symptoms. He was hypotensive and initial labs in the ED revealed a sodium of 125 mmol/L, blood urea nitrogen (BUN) 65 mg/dL, creatinine 2.98 mg/dL, aspartate aminotransferase (AST) 343 U/L, alanine aminotransferase (ALT) 98 U/L, total bilirubin 7.3 mg/dL, and direct bilirubin 5.8 mg/ dL ( Table 1) . He was empirically started on piperacillintazobactam and linezolid. Initial chest X-ray revealed no focal consolidation. Computed tomography (CT) chest revealed lymphadenopathy throughout the mediastinum and retroperitoneum. Computed tomography abdomen and pelvis revealed an enlarged liver and spleen ( Figure  1 ). He was admitted from the ED to the medical intensive care unit (MICU) with the diagnosis of septic shock. Further labs on admission revealed a leukopenia with a white count of 2.4 uL and thrombocytopenia with a platelet count of 132 uL.
Over the next 11 days, the patient quickly declined and went into multiple organ failure. He initially presented as alert and oriented, but prior to death was very lethargic, not oriented to self, place, or time, was unable to answer questions, and had difficulty following commands. Jaundice and scleral icterus worsened. His abdomen remained distended and diffusely tender with palpation. Peripheral edema was noted in his bilateral lower extremities. He also had ongoing singultus, which was refractory to baclofen and thorazine. He was continuously hypotensive requiring norepinephrine and vasopressin, but remained afebrile. Acyclovir, piperacillin-tazobactam, and linezolid were discontinued due to acute renal failure and atovaquone, meropenem, and micafungin were initiated along with continued home highly active antiretroviral therapy (HAART). He had a full workup to rule out an infectious or immunologic etiology for his presentation (Tables 2 and 3) . His blood cultures and urine cultures were negative. Epstein-Barr virus reactivated and was 620,190 copies/mL, HIV quantitative polymerase chain reaction (PCR) was 1,290,000 copies/mL, HBV core was reactive, ferritin was greater than 40,000 ng/mL, and CD4 count was 93 cells/uL. Cytomegalovirus, Histoplasma, blastomycosis, and hepatitis C virus (HCV) were negative. Procalcitonin was 4.84 ng/mL.
He was pancytopenic requiring multiple packed red blood cell and platelet transfusions. Prior to death his white blood cells were 1.6 uL, hemoglobin 7.6 g/dL, and platelets 22 uL. The patient continued to have diarrhea with minimal improvement. A gastrointestinal (GI) panel including Clostridium difficile was negative. The patient had progressively worsening transaminitis and hyperbilirubinemia that prompted multiple abdominal images. His AST and ALT peaked at 493 and 193 U/L. Total bilirubin and direct bilirubin peaked at 37.6 and 26.8 mg/dL. A right upper quadrant ultrasound revealed gallbladder thickening and sludge and a hepatobiliary iminodiacetic acid (HIDA) scan noted no biliary excretion after five hours. Magnetic resonance cholangiopancreatography was difficult to visualize secondary to singultus but there was no evidence of biliary duct dilation. Gallbladder edema, trace ascites, and mild anasarca were noted along with abdominal and retroperitoneal lymphadenopathy. The abdominal pain and distension of the patient continued to worsen over his hospital course, so an additional abdominal ultrasound was ordered and only revealed small ascites and splenomegaly. Ammonia levels peaked at 125 ug/dL and the patient received multiple doses of rifaximin and lactulose. A liver biopsy was performed which revealed classic Hodgkin's lymphoma. Lipase was elevated at 727 U/L, but trended down with multiple fluid boluses and an increase of continuous intravenous (IV) fluids. Initial CT of abdomen and pelvis was negative for pancreatitis.
His acute kidney injury initially improved with fluid replacement, but the patient eventually went into acute renal failure with worsening metabolic acidosis. He required continuous renal replacement therapy (CRRT) and multiple amps of sodium bicarbonate. He was given albumin and started on a sodium bicarbonate drip. His lactate dehydrogenase (LDH) was 426 U/L and lactate continued to increase peaking at 19.56 mmol/L.
A ferritin level was initially checked upon admission because of the patient's prior history of possible HLH, which was greater than 40,000 ng/mL. After these results, he was immediately started on dexamethasone 10 mg twice daily on the second hospital day and had a decrease in ferritin to 2000 ng/mL after one day of treatment. Although, his ferritin level eventually increased back to greater than 40,000 ng/mL. Dexamethasone was increased to three times daily without improvement. With the patient's worsening mental status, hypotension requiring norepinephrine and vasopressin, and multiple organ failure, oncology felt he was too clinically ill to tolerate chemotherapy treatment for the underlying Hodgkin's lymphoma. He succumbed on the 11th hospital day.
DISCUSSION
Hemophagocytic lymphohistiocytosis is a rare hyperinflammatory hyperferritnemic syndrome driven by over activation of T cells and a cytokine storm which is often fatal [4] . It was not listed in the Surveillance, Epidemiology, and End Results (SEER) program until 2010, so the incidence and prevalence is unknown and cases are most likely undiagnosed and underreported. In the United States, the prevalence is estimated to be 1/100,000 live births [1] . Primary HLH is familial or genetic in origin, usually presents in infants or children, and is usually fatal within two months without treatment [2] . Secondary HLH, which was seen in our patient, is secondary to an underlying illness such as malignancy, infection, or autoimmune diseases. The mean age of onset is 49 years old and is more commonly seen in males [4] . Out of the infectious etiologies, EBV is the most common affecting approximately 70% of patients diagnosed with HLH [5] . Lymphomas are the most common underlying malignancy associated with HLH [3] . With our patient having a past medical history of EBV, Hodgkin's lymphoma, HIV, HBV, and Parvovirus B19, it was difficult to determine the underlying illness driving the HLH and differentiating it from sepsis due to his history of multiple admissions for sepsis and being immunosuppressed.
Most patients present with fever, pancytopenia, liver dysfunction, hepatosplenomegaly, hyperglycemia, hyperfibrinogenemia, neurological symptoms, and sepsis like syndrome that can rapidly progress into multiple organ failure [4, 6] . Our patient did present initially with a sepsis like picture with hypotension, pancytopenia, hepatosplenomegaly, transaminitis, and hyperbilirubinemia. Although, he remained afebrile for most of his hospital course, but this could have been masked with multiple days of CRRT. Also, a bone marrow biopsy was not performed, which would have been helpful in further supporting HLH versus sepsis in this patient. (Table 4 ). Our patient met 5/8 criteria of the diagnostic criteria. He had splenomegaly, cytopenia involving three cellular lineages (anemic, thrombocytopenic, and leukopenic), hypertriglyceridemia at 325, CD16/56 NK cells decreased at 49, and ferritin >40,000 [4, 6, 7] . Hyperbilirubinemia, hepatomegaly, transaminitis, and elevated lactate dehydrogenase are not included in the diagnostic criteria but also support the diagnosis of HLH, especially an increased ferritin over 7000-10,000, which was also seen in our patient [4] . The patient did have a liver biopsy done, which Reed-Sternberg cells were seen and consistent with classical Hodgkin's lymphoma. Also, atypical cells PAX-5, CD30, and focally CD15 were positive and EBV in situ hybridization was positive as well. Hemophagocytosis was not noted in the pathology report from the liver biopsy and a bone marrow biopsy was not done. A study done in 2018 by Qiaolei et al. reported 174 patients diagnosed with HLH who nearly all had hyperferritinemia, high LDL, fever, low albumin, and hemophagocytosis seen in a bone marrow biopsy [6] . Another study done in 2018 by Lai et al. revealed that out of 133 patients diagnosed with EBV associated HLH, 92% had an elevation of serum ferritin, 93.2% had a reduction of 2-3 different cell type lineages, 91.2% were febrile, 89.5% had splenomegaly, and 80% had liver function damage [5] . Our patient's presentation is similar to how the patients were reported in these prior studies, which further supports his diagnose of HLH.
The HLH probability calculation (H-score) was developed retrospectively in adult patients based on a point system ( Table 5 ). This scoring system is an additional tool that is useful when diagnosing HLH and is less restrictive than HLH-2004 diagnostic criteria. It has been reported to be the most useful in adults based of their initial labs at presentation instead of going off extreme values later during their hospital course [4, 8] . After using the patient's initial labs before his condition worsened and the scoring criteria from the manuscript by In patients with underlying illness, especially in the ICU, it is difficult to differentiate HLH from other diagnoses such as septic shock, Langerhans cell histiocytosis, infections, and metabolic disease [1] . The HLH-2004 diagnostic criteria is a useful tool to help make a diagnosis in these patients if 5/8 of the criteria is met Fardet et al., our patient scored a 193. This score did not consider fibrinogen and hemophagocytosis from a bone marrow biopsy. A score of 193 has an 82% probability of having HLH. The best cutoff value for the H-score is 169, which has an accurate classification of 90% of patients based on a sensitivity of 93% and specificity of 86% [9] .
The importance of rapid recognition of HLH is pivotal, so patients can receive appropriate treatment quickly to increase survival. If the diagnosis is made too late, the patient may not be able to receive treatment [1] . The HLH-94 protocol consists of corticosteroid initiation, typically dexamethasone, cyclosporine A, and etoposide to delete activated T cells and suppress inflammatory cytokine production [4] . Dexamethasone is typically given at 10 mg daily for two weeks and then tapered to 5 mg for two weeks, 2.5 mg for two weeks, and 1.25 mg for one week. This was how the patient was treated during his prior admission and was discharged with the remaining dexamethasone taper. During the most recent admission, the patient was started on 10 mg twice daily, but due to his worsening clinical condition, the dose was increased to 10 mg three times a day, which no improvement was seen.
He was not given cyclosporine A or etoposide. It was difficult to determine what was driving the HLH due to his extensive past medical history including EBV, HIV, and Hodgkin's lymphoma. The patient failed to follow up with treatment for his Hodgkin's lymphoma, so this was the most likely underlying cause of the recurrent HLH. Although, due to the patient's noncompliance, it is difficult to determine if he was compliant with taking his antiviral medications as an outpatient. He continued his home regimen of emtricitabine, dolutegravir, tenofovir, and lamivudine inpatient. Studies have been reported in patients with acute HIV-associated HLH that clinical improvement is seen after HAART therapy for 5-7 days, but continuing antiviral therapy in our patient did not improve his clinical outcome [10] . It has been reported in patients with lymphoma-associated HLH should be rapidly treated with specific anti-lymphoma therapy, although it was felt by oncology that our patient was too clinically ill with associated altered mental status, hypotension requiring norepinephrine and vasopressin, and multiple organ failure to tolerate the chemotherapy without worsening his condition [6] . The overall prognosis in patients diagnosed with HLH is poor. The mortality in secondary HLH, even though lacking specificity, ranges from 20% to 88% depending on the underlying illness. The worst prognostic factors are patients aged greater than 60, male sex, lymphocytopenia, hypofibrinogenaemia, bilirubin >2 mg/dL, and BUN >20 mg/dL. Also, patients with HLH associated with lymphomas have a higher mortality than if the underlying etiology is an infection or autoimmune condition [6] . Elevated LDH, AST, c-reactive protein, ferritin, and procalcitonin were also reported by Gavand et al. to be related to poor prognosis [6, 11] . Our patient is a male who presented with lymphocytopenia, increased bilirubin, BUN, AST, ferritin, and procalcitonin, which are all characteristics of a poor prognosis.
CONCLUSION
In conclusion, HLH is a rare hyperinflammatory syndrome with high rates of mortality. It is difficult diagnose these patients, especially with secondary HLH, because of underlying illnesses and similar presentations to other conditions. Due to the difficulty of diagnoses, HLH can often be missed and treatment is delayed. It is crucial for patients to be diagnosed and treated quickly before their condition becomes too clinically severe for treatment to be initiated. With our patient, he was noncompliant and initially presented with a sepsis like picture with multiple underlying comorbidities. Although, with the known possible diagnosis of HLH in the past, he was treated with dexamethasone, but became too clinically ill to receive further chemotherapy treatment for the underlying Hodgkin's lymphoma. The Hodgkin's lymphoma seemed to be the most likely associated etiology for the HLH because he was noncompliant with following up with treatment after diagnosis. Also, CT chest, abdomen, and pelvis revealed diffuse lymphadenopathy and the liver biopsy revealed classic Hodgkin's lymphoma suggesting extensive disease. It is important for physicians, especially in the ICU, to include HLH in their differential and to be familiar with the diagnostic criteria for early recognition and treatment to increase potential survival in these patients.
